Background and objectives Cystatin C is used increasingly as a biomarker of renal function; however, cystatin C assays are not standardized. Our objective was to compare cystatin C results within the Coronary Artery Calcification in Type 1 Diabetes (CACTI) study over time and in repeated measures to evaluate for assay drift. 
Introduction
Cystatin C is used increasingly as a biomarker of renal function (1) (2) (3) (4) (5) and cardiovascular disease risk and death (6 -11) . However, cystatin C assays are not standardized and this presents challenges for comparing cystatin C within a study over time and between studies using different laboratories. Moreover, assay reproducibility over time and between laboratories is of utmost importance for use as a longitudinal measure of renal function research and clinical care. It has been previously noted that an approximate 15% drift in the Dade-Behring cystatin C assay has occurred over the past decade (12); however, we are unaware of published data documenting this assay drift over time. We have measured cystatin C in the Coronary Artery Calcification in Type 1 Diabetes (CACTI) study in the same clinical laboratory at three times points between 2006 and 2010, and this brief report documents systematic shifts in results in cystatin C results over this time period. The purposes of this report are to disseminate this information on the assay drift over time and justify use of regression equations to standardize these measurements within the CACTI study.
Study Population and Methods
Study Population. The data presented in this report were collected as part of the baseline examination of 1416 participants in the CACTI study who were 19 to 56 years of age (13) . At baseline, all participants were asymptomatic for coronary artery disease and had no history of coronary artery bypass graft, coronary angioplasty, or unstable angina. Participants with type 1 diabetes (T1D) generally had been diagnosed when Ͻ30 years of age or had positive antibodies or a clinical course consistent with T1D. Participants completed a baseline examination between March 2000 and April 2002. A more detailed description of the study and baseline characteristics of this cohort has been published (14) . The second and third study visits followed the same protocol and Hospital Clinical Laboratory using the commercially available Dade-Behring assay following package insert instructions on a Prospec (V1 and V2) and then a BNII instrument (V3). A subset of available samples from V1 (n ϭ 189) and V2 (n ϭ 195) was re-run in 2010 concurrent with V3 samples. Additionally, 61 samples from V3 were assayed for a second time 4 months (November 2, 2010) after cystatin C was first measured at V3 to ensure consistency within our laboratory and to investigate the possible effect of an additional freeze-thaw cycle.
Statistical Analyses
Paired t tests, Pearson correlations, Deming regression equations, and Bland-Altman plots were used to compare original and re-run values. Deming regression is a preferred method for comparing two analytic methods or the same method at different time points because it allows for measurement error in the x-and y-axes, does not assume measurement error is normally distributed, and is less influenced by outliers. A P value Ͻ0.05 was considered statistically significant, and SAS version 9.2 was used for data analysis. Values are presented as mean Ϯ SD [min to max].
Results
Unexpectedly, mean cystatin C values were lower over time in subjects (n ϭ 984) with measurements at all three visits (V1: 0.80 Ϯ 0. Table 1 ). As expected, cystatin C levels were higher in subjects with T1D as compared with nondiabetics (non-DM) at all three visits. Estimated GFR using the serum creatinine-based Chronic Kidney Disease Epidemiology Collaboration equation (15) Table 2 ).
At V3, 61 samples were re-assayed within 4 months of the first V3 measurement and were very similar (mean difference ϭ 0.004 Ϯ 0.048, P ϭ 0.49), indicating that our university clinical laboratory has currently reproducible methods and there was no effect of an additional freeze-thaw cycle on results. Correlations between original and re-run values were strong for V1 and V2 (r ϭ 0.99 and r ϭ 0.99, respectively, P Ͻ 0.0001, for both).
A Mean Ϯ SD ͓min to max͔ or for difference mean Ϯ SD ͓min to max͔.
Bland-Altman plots of the mean value (original and rerun) versus the difference (Figure 2A ) and percent differences ( Figure 2B ) show that the difference remains the same regardless of the original value, but there is an apparent shift of values such that most of the original values are higher than the re-run values at V2, whereas at baseline this is true for all samples. Previous research suggests that cystatin C measures have little variation because of storage time or freeze-thaw cycles (1, 16, 17) . A review of potential applications of cystatin C in research and clinical decision-making has been published (18) ; standardization of cystatin C measurements-a common issue with any analyte that gains widespread usage-should be a priority. Efforts have previously been focused on assay calibration for serum creatinine (19, 20) and for other analytes of research and clinical importance, such as hemoglobin A1c (21) . To our knowledge, this is the first report to document a drift in the Dade-Behring assay for cystatin C as performed in a university clinical laboratory, although this has been noted in the proceedings of a recent National Institutes of Health (NIH) working group meeting (12). Possible explanations could be the materials used for calibration and a change in Dade-Behring instrumentation (12)-both consistent with the data we present from CACTI.
In conclusion, one implication of these data is that over the time period of this study, uncorrected cystatin C would overestimate renal function by approximately 10% to 15% and thereby obscure what would have been clinically relevant changes in renal function. Knowledge of this has important implications if cystatin C has been used for clinical care or research over this time period. In our data, we demonstrate that the shift was systematic and therefore amenable to standardization with a regression equation for future analysis of longitudinal data, although this equation may not be applicable to other research studies or clinical scenarios. The difference in the slope of the Deming regression equations at V1 and V2 approached statistical significance, and we present individual equations for better precision. As cystatin C is used increasingly, issues of assay standardization and measurement reliability must be addressed. 
